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Purpose: Compared to the stapling technique, the fold-over technique (FO) has the benefit of avoiding the sacrifice of the 
bowel segment. The aim of this study was to compare short-term outcomes between the FO and a conventional resection. 
Methods: Between June 2008 and March 2012, a total of 242 patients who underwent a diverting ileostomy reversal after 
rectal cancer surgery were selected. Among them, 29 patients underwent the FO. Using propensity scores to adjust for 
body mass index, previous abdominal surgery history, rectal cancer surgery type (open vs. minimally invasive), and rea-
son for ileostomy (protective aim vs. leakage management), we created a well-balanced cohort by matching each patient 
who underwent the FO, as the study group, with two patients who underwent a stapled or a hand-sewn technique with 
bowel resection (RE), as the control group (FO : RE = 1 : 2). Morbidity and perioperative recovery were compared be-
tween the two groups.
Results: Twenty-four and forty-eight patients were allocated to the FO and the RE groups, respectively. The mean opera-
tion time was 91 ± 26 minutes in the FO group and 97 ± 34 minutes in the RE group (P = 0.494). The overall morbidity 
rates were not different between the two groups (12.5% in FO vs. 14.6% in RE, P = 1.000). The rate of postoperative ileus 
was similar between the two groups (8.3% in FO vs. 12.5% in RE, P = 0.710). Although time to resumption of soft diet was 
shorter in the FO group than in the RE group, the lengths of hospital stay were not different.
Conclusion: The FO and the conventional resection have similar short-term clinical outcomes for diverting ileostomy re-
versal.
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INTRODUCTION
A diverting loop ileostomy may be performed during rectal can-
cer surgery for two main reasons. One reason is to protect the 
anastomosis site from leakage, or the “protective aim”. An ileos-
tomy is regarded as one of the most reliable means to reduce the 
severity of pelvic sepsis caused by anastomotic leakage (AL), al-
though whether or not it really reduces the AL rate is unclear [1-
3]. The other reason is to save patients from the severe septic con-
ditions caused by AL. Most patients with AL undergo a tempo-
rary loop ileostomy with an eventual reversal.
A diverting ileostomy reversal is accomplished by either a hand-
sewn or stapled anastomosis after resection of a segment of the 
small bowel [4]. Stapled anastomosis has gained popularity for its 
simplicity and acceptable clinical outcomes [5-7]; however, the 
extra equipment is more expensive, and patients may not able to 
afford it. In this situation, a hand-sewn technique without resec-
tion of the small bowel, called the fold-over technique, may be 
another option for ileostomy reversal [8].
The purpose of this study was to compare the clinical outcomes 
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between the fold-over technique (FO) and the stapled or a stapled 
or a hand-sewn technique with bowel resection (RE) for ileos-
tomy reversal after rectal cancer surgery.
METHODS
Between June 2008 and March 2012, a total of 242 patients who 
underwent a diverting ileostomy reversal after initial rectal cancer 
surgery were selected. Baseline characteristics included age, sex, 
body mass index (BMI), smoking habits, history of previous ab-
dominal surgery, American Society of Anesthesiologists (ASA) 
grade, previous rectal cancer operation type (open vs. minimally 
invasive surgery), tumor height of the rectal cancer, and reason 
for the ileostomy (protective aim vs. leakage management). Ileos-
tomy reversal techniques were as follows: FO (Fig. 1) and a stapled 
or a hand-sewn technique with bowel RE. Among the initially en-
rolled patients, 29 patients underwent the FO technique. The 
other patients underwent the RE technique.
Using propensity scores to adjust for BMI, previous abdominal 
surgery history, previous rectal cancer operation type, and reason 
for the ileostomy, we created a well-balanced cohort by matching 
each patient who underwent the FO, as the study group, with two 
patients who underwent the RE, as the control group (FO:RE = 
1:2).
Postoperative outcomes included the time interval between ile-
ostomy formation and reversal, the operative time, complications 
(ileus/obstruction, wound infection, and reoperation) and recov-
ery outcomes (time to first flatus, time to soft diet intake and 
length of hospital stay). Postoperative complications were defined 
as adverse events that occurred within 30 days of surgery. Com-
plications were diagnosed and categorized according to the pa-
tients’ symptoms with the aid of laboratory and radiologic evalua-
tions in order to confirm clinical suspicions. Ileus/obstruction 
was defined as any condition involving abdominal distension or 
pain with nausea or vomiting, which was confirmed with a plain 
abdominal X-ray. Morbidity and perioperative recovery were 
compared between the two groups.
All statistical analyses were performed using SAS 9.1.3 (SAS In-
A B
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Fig. 1. (A-D) Fold-over technique for ileostomy reversal. 
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stitute Inc., Cary, NC, USA) and IBM SPSS ver. 20.0 (IBM Co., 
Armonk, NY, USA). Categorical variables were analyzed using 
the chi-square test, and continuous variables were analyzed using 
the Student t-test. P < 0.05 was considered statistically significant. 
RESULTS
Of 242 patients, 24 and 48 were allocated to the FO and the RE 
groups, respectively. There were no significant differences in gen-
der, age, BMI, smoking habits, previous abdominal surgery his-
tory, ASA grade, previous rectal cancer operation type, tumor 
height, or reason for the ileostomy between the two groups (Table 
1). The time interval between ileostomy formation and reversal 
was longer in the FO group than in the RE group (226.0 days vs. 
174.4 days, P = 0.038). There was no difference in mean operative 
times for stoma closure between the two techniques. The overall 
rates of postoperative complications were 12.5% in the FO group 
and 14.6% in the RE group (P = 1.000). One patient in the RE 
group underwent a reoperation due to obstruction from a severe 
stricture at the anastomosis site on postoperative day seven. The 
rates of ileus/obstruction and wound infection were similar be-
tween the two groups. Although the time to soft diet intake was 
shorter in the FO group than in the RE group, the lengths of hos-
pital stay were not different between the two groups (Table 2).
DISCUSSION
This study shows that the fold-over technique and the conven-
tional resection have similar short-term clinical outcomes for a 
diverting ileostomy reversal after treatment of rectal cancer.  A di-
verting ileostomy reversal is considered to be a simple and safe 
procedure; however, the overall morbidity following closure of a 
diverting ileostomy has been reported to be is 17.3%–33% and the 
mortality to be 0.4% [9, 10]. An ileostomy reversal may be per-
formed using either a hand-sewn or a stapled technique [4]. An-
other issue is whether to cut the short opening segment of the 
small bowel. Leung et al. [5] reported no significant differences in 
short-term outcomes between the hand-sewn or the stapled tech-
nique. Luglio et al. [8] noted that the fold-over technique was as-
sociated with a shorter operative time, a lower morbidity rate and 
a faster recovery outcomes compared to the end-to-end, hand-
sewn anastomosis (EE). They also reported that the fold-over 
technique had an overall morbidity rate and recovery outcomes 
that were similar to those of a stapled side-to-side anastomosis 
(ST), although the postoperative ileus rate was lower in the ST 
group than in the fold-over technique group. Considering all these 
results, they suggest that the ST may be preferable to the EE when 
a bowel resection at the ileostomy site is necessary because the 
shorter hospital stay compensates for the increased cost of the sta-
pler. When a bowel resection is not necessary, the fold-over tech-
nique provides acceptable outcomes because the intact mesenteric 
Table 1. Comparison of the patients’ baseline characteristics between 
the two groups
Variable
Fold-over group
(n = 24)
Resection group
(n = 48)
P-value
Gender 0.116
   Male 21 (87.5) 34 (70.8)
   Female 3 (12.5) 14 (29.2)
Age (yr) 59.5 ± 10.7 60.9 ± 10.7 0.610
Body mass index (kg/m2) 23.1 ± 2.8 23.7 ± 2.1 0.391
Smoking habit 0.366
   Smoker 9 (37.5) 13 (27.1)
PAS 3 (12.5) 7 (14.6) 1.000a
ASA grade 0.840a
   1 15 (62.5) 25 (52.1)
   2 8 (33.3) 20 (41.7)
   3 1 (4.2) 3 (6.3)
Rectal-cancer’s surgery type 1.000a 
   Open 1 (4.2) 3 (6.3)
   MIS 23 (95.8) 45 (93.8)
Rectal-cancer’s tumor height (cm) 6.7 ± 1.6 7.3 ± 2.7 0.200
Reason for ileostomy 0.864
   Protective aim 15 (62.5) 29 (60.4)
   Leakage management 9 (37.5) 19 (39.6)
Values are presented as number (%) or mean ± standard deviation.
PAS, previous abdominal surgery history; ASA, American Society of Anesthesiolo-
gists; MIS, minimally invasive surgery.
aFisher exact test.
Table 2. Postoperative morbidity and recovery outcomes
Variable
Fold-over group 
(n = 24)
Resection group 
(n = 48)
P-value
Time interval between ileostomy 
   formation and closure (day)
226.0 ± 91.6 174.4 ± 100.5 0.038
Operative time (min) 91.4 ± 26.7 96.9 ± 34.5 0.494
Complications, n (%) 
   Overall 3 (12.5) 7 (14.6) 1.000a
   Ileus/obstruction 2 (8.3) 6 (12.5) 0.710a
   Wound infection 1 (4.2) 1 (2.1) 1.000a
   Reoperation 0 (0) 1 (2.1) 1.000a
Recovery
   Time to first flatus (day) 2 (1–8) 2 (1–6) 0.707
   Time to soft diet intake (day) 3 (2–14) 4 (2–8) <0.001
   Length of hospital stay (day) 5 (3–16) 5 (4–21) 0.154
Values are presented as mean ± standard deviation or median (range) unless oth-
erwise indicated.
aFisher exact test.
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side of the bowel maintains an adequate blood supply.
Our study revealed that the morbidity rates were not different 
between the FO and the RE groups. With respect to postoperative 
ileus, there was no difference between the two groups. Although 
the time to initiating soft diet was faster in the FO group, the 
lengths of hospital stay were similar between the two groups. In a 
subset analysis among the resection group, there were no differ-
ences in postoperative morbidity and recovery outcomes between 
the hand-sewn group and the stapled group (data not shown). 
These clinical outcomes confirmed previous findings about the 
FO and the RE techniques. 
In some studies, the stapled technique was favored because it re-
duced the overall length of hospital stay [6]. However, the cost 
may differ according to each nation’s socioeconomic status. Al-
though we did not perform a cost analysis in our study, in our 
judgment, treatment for patients in the FO group may cost less 
than treatment for patients in the RE group. 
The main limitation of this study was its retrospective design. 
Selection of the FO or the RE technique was determined by the 
surgeon’s preference. Therefore, selection bias may have affected 
the comparison of surgical techniques. To reduce selection bias, 
before the analysis, we controlled factors affecting the surgical dif-
ficulty of ileostomy repair. We used a propensity score, including 
BMI, previous abdominal surgery history, rectal cancer operation 
type (open vs. minimally invasive), and reason for the ileostomy 
(protective aim vs. leakage management), to select a well-balanced 
cohort in each of the two groups. 
In conclusion, the fold-over technique showed no significant 
differences compared to the conventional resection for ileostomy 
reversal. Considering the low cost of the FO technique, it should 
be considered a useful technique for ileostomy reversal. 
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